In most cases, the setting-hardening process of this binder is performed at high curing temperatures. In this paper, alkali activated mortars based on Vitreous Calcium Aluminosilicate (VCAS) cured at room temperature are evaluated. Mechanical strength development and microstructural analysis (scanning electron microscopy, thermogravimetric analysis, X-ray diffraction and mercury intrusion porosimetry) of these materials are performed. Mortars yielded compressive strength around 89 MPa after 360 days. This is the first time that VCAS is used as alumino-silicate source material in the production of alkali activated mortars cured at room temperature.
Introduction
Alkali activated materials are a new class of binding material which presents several advantages over Portland cement (high compressive strength, better fire resistance, good durability and low production cost). However, the most important factor that drives its use as alternative cement is its lower CO 2 emission compared to Portland cement. Depending on the alumino-silicate material, a reduction up to 80% in CO 2 emission can be reached (Duxson et al., 2007; . Alkali activated binders, also known as geopolymers, are generated by a polymerization reaction between an alumino-silicate source material (in amorphous state) and a highly alkaline solution, under controlled curing conditions. Alumino-silicate source materials commonly used in alkali activated systems are metakaolin (Davidovits, 1994) , slag (Fernández-Jiménez et al., 1999) and fly ashes Provis et al, 2009) . Nevertheless, other byproducts such as spent FCC catalyst, hydrated-carbonated cement, tungsten mine waste, natural pozzolans have been used in the production of alkali activated binders (Tashima et al., 2012a , Payá et al., 2012 , Pacheco-Torgal et al. 2008 , Xu and van Deventer, 2000 . Currently, the alkaline solutions are prepared by mixing NaOH, KOH, and/or waterglass (Na 2 SiO 3 ) with the required amount of water. However, other alkaline activators can also be used: K 2 CO 3 , Na 2 SO 4 and Na 2 CO 3 . The curing conditions play a very important role on the final properties of alkali activated binder. Normally, these binders are cured at 40-80 ºC for 2-72 hours in dry or steam curing conditions. The high curing temperature required is one of the factors that inhibit the use of alkali activated systems in large scale. In the literature, some researches on alkali activated binders cured at room temperature are reported (Shi and Quian, 2000; Temuujin et al, 2009) . Most of them are related to the use of blast furnace slag as raw material (Bakharev et al., 1999) . The ability of setting and hardening at room temperature is related to the hydraulic nature of this material. Shi and Quian (2000) reported mortars based on alkali activation of slag with 160 MPa in compressive strength cured at room temperature after 28 days. The use of binary systems combining slags with other alumino-silicate source materials is also reported in several papers (Gordon et al, 2011; Escalante-García et al., 2006; Pan et al., 2002; Kumar et al., 2010) . Bernal et al. (2011) reported some studies about alkali activated binders prepared with slag-metakaolin blends. These mortars show mechanical strength of at least 40 MPa after 7 days of curing at 27ºC. Temuujin et al. (2009) performed an investigation using an ASTM type F fly ash as alumino-silicate material. The geopolymeric pastes yielded a compressive strength of 25-45 MPa, depending on the particle size distribution of fly ash. Otherwise, Somna et al. (2011) studied the influence of NaOH concentration of alkali activated fly ash pastes cured at room temperature. The compressive strength for these pastes was in the range 2-16 MPa for original fly ash (OFA) and 2-26 MPa for ground fly ash (GFA). Lampris et al. (2009) Tashima et al. (2012b) studied the effect of curing time for 10 mol.kg -1 NaOH alkali activated mortars, demonstrating that 3 hours at 65ºC is the optimum curing time for this curing temperature. VCAS is a new supplementary cementitious material which has been successfully used in Portland cement binders (Hossain and Shirazi, 2008; Neithalath et al., 2009) . VCAS is a high reactivity pozzolanic material and this product is manufactured by heating glass fiber waste to a molten state which is then solidified by rapid cooling (quenching), processed and ground to get a fine white powder. With this technology, the glass industry can prevent the landfilling of about 200,000 tons of waste glass fiber annually, along with its associated negative environmental impact. In this paper, VCAS is used as alumino-silicate source material in the production of alkali activated systems cured at room temperature. This is the first time that VCAS is used as alumino-silicate source material in the production of geopolymers cured at room temperature.
Experimental
VCAS was supplied by Vitrominerals. The chemical composition of VCAS, determined by means of XRF, is listed in Table 1 . (Neithalath et al., 2009) . Figure 1 presents some SEM micrographs of VCAS sample. At the top, a general view of particle size distribution of VCAS can be observed. All VCAS particles have a diameter size smaller than 60µm. From a laser granulometric analysis, a mean particle size of 12 µm was found, with 90% of particles below of 26 µm. Also in Figure 1 (bottom), micrograph shows a detailed aspect of VCAS particles. The irregular form, a dense and sharp structure are the most important characteristics of VCAS particles. In the alkali activation of VCAS cured at room temperature, sodium hydroxide (98% purity) supplied by PANREAC S.A. and waterglass (28% SiO 2 ; 8% Na 2 O; 64% H 2 O) from MERCK were used in the preparation of the alkaline activator solution.
It is important to state that geopolymers based on VCAS activated with NaOH solution did not harden at room temperature (Tashima et al., 2009) . In this case, the use of waterglass is necessary because the ability to set/harden at room temperature depends on the SiO 2 /Na 2 O molar ratio of the alkaline solution.
In order to get setting at room temperature, alkali activation of VCAS was achieved with a H 2 O/Na 2 O molar ratio of 11.11 and SiO 2 /Na 2 O molar ratio of 5.0. For mortars specimens, the VCAS:sand ratio was fixed in 1:3 and the water/VCAS mass ratio was 0.45. A set of mortars were cured at room temperature (20 ºC, RH>95%), and tested after 28, 91 and 360 days, and another set was cured at 65 ºC (RH>95%) for 3 days. 
Results and discussion
Mechanical properties of alkali activated (AA-VCAS) mortars cured at room temperature are presented in Table 2 . The mechanical development showed the existence of a reaction between the amorphous phase of VCAS (SiO 2 -Al 2 O 3 -CaO) and the alkaline solution, yielding a stable matrix. Compressive strength about 38.6 MPa was measured for alkali activated mortar cured at room temperature for 28 days. After 91 curing days, alkali activated VCAS yielded compressive strength about 78.5 MPa. It represents an increase up to 103.4% comparing to mortars cured at 28 days. The obtained result shows a slow reaction rate for alkali activated VCAS mortars cured at room temperature.
After 360 days, geopolymeric mortars based on VCAS yielded compressive strength values about 89.5 MPa, indicating that the reaction also took place for long curing time. The total porosity of AA-VCAS mortars cured for 28 and 360 days were analysed by means of mercury intrusion porosimetry (MIP test). The total porosity obtained was 8.65% and 7.21% for AA-VCAS mortars cured for 28 and 360 days, respectively. It can be noticed a slight reduction in the total porosity caused by the progress of geopolymerization reaction that form amorphous gels which contributes to the densification of the alkali activated matrix.
In Figure 3 , pore size range distributions for both mortars cured at 28 and 360 days are depicted. As it can be observed, AA-VCAS mortars present a high amount of pores greater than 1µm. According to Metha and Monteiro (1994) , this pore size range is classified as large capillaries and/or entrained air, which are probably formed due to excess of water in the sample. The curing from 28 to 360 days produced a significant decrease in this pore-size range, reducing from 86.7% to 71.0%. Obviously, large pores are being reduced during the geopolymerization in the 28-360 days period, and the relative percentage of medium capillaries (10 nm-1 µm), as well as the gel pores, are increased. Thus, the percentage of volume related to gel pores (diameter less than 10nm) was increased from 2.32 to 7.89%. The slight reduction in the large capillaries and the reduction on total porosity contributed to the densification of matrix and, consequently, to the increase in the compressive strength of mortars.
Microstructural analyses of alkali activated pastes were carried out in order to study the development of the geopolymeric reaction. Thermogravimetric analyses of pastes were performed for 28, 91 and 360 curing days at room temperature. Figure 4 shows DTG curves for AA-VCAS pastes. The total weight loss observed in the range of 35-600ºC were 15.83%, 17.58% and 17.17% for 28, 91 and 360 days, respectively. The increase in total weight loss for these pastes are related to the formation of geopolymeric products. The broad band centered at 135-145 ºC was also reported by Bernal et al. (2010) , indicating the descomposition of geopolymeric gel formed in the alkali activation reaction. The DTG curves for pastes cured at room temperature were similar to those found for paste cured at 65ºC for 3 days, suggesting the similarity of the produced binding matrix. XRD patterns were analyzed for alkali activated VCAS pastes cured at room temperature. Figure 5 compares the X-ray diffraction patterns of VCAS sample and alkali activated VCAS pastes. VCAS is a calcium aluminosilicate material, amorphous in nature. It is confirmed by means of the baseline deviation observed in the 2Θ range of 15-35º. The alkali activated binders formed by mixing VCAS and a high alkaline solution yield an amorphous XRD pattern. No evidences of evolution in the XRD pattern were observed when diffractograms for 28 and 91 days are compared. Usually, the formation of crystalline phases such as zeolite structures are easily detected for alkali activated systems cured at high temperatures and for a long curing time (Provis et al., 2005) . In our case, the presence of crystalline phases in the XRD patterns was not found. Adding to this, the presence of high amount of soluble silicate (9.8% of SiO 2 respect to VCAS) prevents the formation of crystalline phases. In Figure 6 , some SEM micrographs of AA-VCAS pastes cured at room temperature for different curing times are shown. At the top, the microstructure of a paste cured for 28 days is observed. The presence of unreacted or partially reacted particles of VCAS is evident (particles with sharp aspect). These particles are embedded in the geopolymeric matrix which presents an amorphous structure. The bottom micrograph shows a very dense and compact geopolymeric matrix. Some micro cracks are identified in the paste, probably due to a shrinkage process or due to the preparation of the studied sample. It is possible to observe that almost all VCAS particles have reacted in the geopolymeric matrix due to the long curing time.
Conclusions
VCAS is a byproduct from glass fibre manufacturing, which provides good properties to be applied as raw material in geopolymeric binders cured at room temperature. Alkali activated mortars based on VCAS generates a stable, dense and a high compressive strength binding material with 78.5 MPa and 89.5 MPa, after 91 and 360 days of curing, respectively. The microstructure of the AA-VCAS is amorphous and no crystalline phases were detected in the XRD analysis.
